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Summary

Fconomic and environmental benefits can resule from improved nitrogen (N} management in corn
(Zea mays 1..) production. This research project was conducted to determine the udlity of aerial photo-
graphs to detect N deficiency in a crop canopy caused by natural soil variability and variable fertilizer N
application rates. Chlorophyll meter readings and digitized aerial photograph data were compared to corn
grain vield and stalk nitrare concentrations from a 60-ha field in Central Nebraska. In addition to natural
field variability, 30.4-m long treatments were imposed through the center of the field by applying fertilizer
at rates of 0, 56, 112, 168, and 224kg N ha ', Grain yield, chlorephyll merer readings, photographic
brightness and stalk nitrate samples were collecred. Despite a significant effect from fertilizer treatments,
chlorophyll meter readings did not correlate well with grain yields. The brightness of the red component
in a digitized color photograph showed a significant inverse relationship {(r~ = 0.42) with grain vield. Stalk
nitrate concentrations at harvest, when compared to red brightmess from the digitized photograph, pro-
vided a better confirmation of N status than grain yield. Aerial photographs appear to be capable of
derecting management induced variability as well as reduced yield portions of a field that result from naru-
ral variabilicy.

Key wards: Nitrogen, chlovophyll meter, Zea mays L., remote sensing, stalk nitrate, aerial photographs.

Abbreviations: N = nitrogen; GPS = global positioning system.



Introduction

Fconomic and environmental benefits from improved N
management in corn can frequently be enhanced by using
real-time methads to evaluare management practices. lissue
testing is ane technique thar can provide valuable informa-
tion on the crop’s N status.

Current tissue tests for N used in production agriculture
require sampling specific plant parts and making interpreta-
tions according to generalized criteria, Te follows thar tissue
samples can be no more representative of a field than the
plants that are sampled. Therefore, if soil properties or other
conditions {climate, disease, insects, etc.) change spatially or
temporally, it may be difficult to collect and analyze the ap-
propriate number of samples thar permic identification of N
stressed areas in a field. This limitation is because of the labor
requirements, time constraints, and analytical expenses.

@ 1996 by Gustav Fischer ‘\r’crlag, Stuttgart

Chlorophyll meters have recendy been introduced as a tool
to quantify N status. Application of this technology extends
to monitoring the dynamics of N transformations in soil and
assessing N availability to crops. Researchers have shown that
chlorophyll meters are capable of derecring N stress in cern
(Pickielek and Fox, 1992; Schepers et al., 1992; Wood et al.,
1992; Blackmer and Schepers, 1995). Chloraphyll meters
measuze light transmitcance through a leaf and provide rapid
results without the expenses of laboratory analysis. However,
interpretation and application of chlorophyll merer data are
hindered by the problem of cbraining a representative sample
from a potentially variable field.

Canepy reflectance measurements integrate many factors
influencing the general health of the crop. Reflectance meas-
urements can range from those that deal with individual
leaves to those that encompass an entire field, depending on
the configuration of the sensor and distance from the crop. In



any case, some ground truthing and analytical results are re-
quired to Interpret reflectance images, whether they be scans
from a spectroradiomerter or an zerizl photograph. Nonethe-
less, reflectance measurements potentially offer a more rapid
and less expensive assessment of growing conditions than is
possible with traditional chemical analysis using leaf dssue or
plant sap.

Canopy reflectance in the visible and near infrared wave-
lengths has been shown to detect N deficiency In corn (Wal-
burg et al., 1982; Blackmer et al., 1993). This permics rapid
evaluation of larger areas than is realistically possible with
chlorephyll meters or traditional dssue resting procedures.
Another advantage is that reflectance techniques can be auto-
mated for use on high clearance vehicles.

Acrial photography is one of several techniques te record
canopy reflectance. Researchers have been able to detect vari-
ous types of stress in different crops by use of acrial phoro-
graphy {(Colwell, 1956; Wildman, 1982; Jackson, 1986).
Maore specifically, rescarch conducted on IN response trials has
demonstrated that acrial photography can be a good indica-
tor of deficiency in corn (Blackmer, 1995). The benefir of an
acrial photograph is thar an enure field can be monirored
with high resolution and minimal concern for changing light
conditions during the tme when measurements are raken.
Photographs permit identification of potential problems for
even small areas within a field. When coupled with GPS
technology, these small areas could be located and treated.

The objective of this study is to evaluate aerial photo-
graphy as a technique to detect N deficiency in a crop canopy
caused by natural or ferdilizer induced variabiliy.

Materials and Methods

Corn was planted in late April, 1993 in a 60-ha ficld near Shel-
ton, Nebraska at a rare of 70,000 kernels ha ', Nitrogen fertilizer
rates {0, 56, 112, 168, and 224 kg N ha’ Y were applied as anhydrous
ammonia to randomized end-to-end plots that were 12.2-m wide
(16 rows at 76-cm spacing) by 30.4-m long and replicated four
times, The crop was approximately 30-cm tall at the dme of N ap-
plication. An adjacent strip 12.2-m wide received a constant rare of
106 kg N ha™ (recommended amount based on soil analysis) as an-
hydrous ammonia,

Chlorophyll meter readings were collecred atr the R3 (milk)
growth stage (Ritchie et al., 1986) by raking rwo sets of 30 readings
using a Minolta SPAD-502 chlorophyll merer'. A color aerial phe-
rograph (Kodak Gold ASA 400 film) of the entire 60-ha field was
taken from an airplane {altitude of ~1500 m} on a clear day when
the corn was at the R4 (dough) growth stage. T'he image was digi-
tized and then rectified using coordinates of 9 landmarks deter-
mined with a GPS and ERDAS sofiware. Pixel sive was adjusted to
one square merer. Average red brightness of the center group of
seven by seven pixels was used to represent each plot. Red hrighrness
on the film is determined by lighr exposure on the film from wave-
lengths around 600-700 nn.

Crain yields were determined by hand harvesting 15.2 m seg-
mengs from two rows in each plot. Grain vields were adjusted o
155 glg™ moisture. Stalk samples consisting of a 15-cm section im-
mediately above the upper crown roows of 12 plants per plor were

! Mention of trade names or propriesary produces does not indi-
care endorsement by USDA, and does not imply its approval to the
exclusion of other preducts thar may also be suirable.
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collected after harvesr. Stalk segments were coarsely ground dried,
finely ground (1.0-mm sieve}, and analvzed for nitrate-N concentra-
rion using automarted wet chemistry procedures.

Results and Discussion

Differences in grain vicld were measured for plots thar re-
ceived varying amounts of N fertilizer (Fig. 1). Variability in
yield response to each N treatment made it difficulr to iden-
tity the optimal N rate. Reasons for the differential responses
to fertilizer are arribured to variabilicy in the quantity of
available N supplied hy other potential sources and the influ-
ence of various other yield-limiang facrors. In that replica-
tions were as far as 400 m apart, differential response o0 N
fertilizer is expected. Variability in crop response to N ferti-
lizer was even chserved within the long plots. Rows 4 and 13
of the 16-row wide plots used for hand harvesting had an
average yield difference between the two segments within
each plot of 0.75 Mgha '. Differences berween subsample
vields were greater than expected considering that each sub-
sample represented an area larger than is typically measured
for hand harvest.

Chlorophyll meters have been shown ta be an effective re-
search tool to detect an N deficiency in corn (Piekielek and
Fox, 1992; Schepers et al., 1992; Wood et al., 19925 Blackmer
and Schepers, 1995). The above studies generally showed a
strong correlation berween chlorophyll meter readings and
grain yield. These findings based on plot research are in con-
trast to the feld scale resules of chis study thar showed chloro-
phyll meter readings and grain vield were poorly correlated
(Fig. 2). If the yield variation in response ro N fertiliver was a
result of differences in N availability from sources other than
fertilizer, then the chlorophytl meter readings should have de-
tected a corresponding difference in crop N starus, One
would normally expect a close correlation berween relative
crop N status at the R3 growth stage and relative yield be-
cause of the shoet time berween these events { <30 days). The
poor relationship beoween chlorophyll meter readings and
grain yield suggests that cither the sampling methods were
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Fig. I: Corn grain yields of hand harvested plots receiving ditferent
amounts of N fertilizer.,
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Fig, 2: Relationship berween chlorophyll meter readings at the R3
growth stage and grain yicld.

not adequate for either yield or chlorophyll content. Other
possibilities are that factors such as disease, N loss, nonuni-
form IN fertilizer applicarion, or plant population affected
grain yield. The wide range in grain yield for chlerophyll me-
ter readings above 59 indicates that many factors other than
N affected vields (some yields were higher than expected as
well).

When available N is present 1n excess of crop requirement,
corn often exhibits luxury consumption by continuing Tt
take up N even though no response Occuls. Because chloro-
phyll merer readings do not gencrally detect luxury consump-
tion, a late season test of crop N sratus wauld be helpful to
evaluate N management practices. Derermining stalk nirrate-
N concentration at harvest is a test chat has been used t
quantify crop N status of corn at the end of the growing sea-
son (Binford et al., 1990). The rest is based on the concept
that excess N availability in corn is likely 1o be associated
with luxury consumption during the growing season, Exten-
sive evaluation of the lare season stallk nitrate test has shown
that it is generally able to differentiate berween where crop N
is adequate and where it is excessive (.. luxury consump-
tion) (Binford et al., 1990). The implication is that sialk ni-
wrate-N concentrations above an adequate range are probably
caused by excess fertilization, which is known to contribute
[0 nitrate contamination of ground water.

Stalk nicrate-N concentrations in this study showed differ-
ences in N status berween treatments. Fven within a given N
creatmnent, considerable variation in stalle nitrate-N concen-
ration  was noted, espcciall}-’ in treatments reccivin%
»112kg N ha!. Nitrate-N concentratons above 1800 mghkg ™
(Binford et al, 1992) typically indicate thar yield was not
limited by N availabilicy (Fig. 3). Thercfore, high concentra-
tions of stalk nirrate-N minimize the possibilicy of N defi-
ciency causing the fluctuations in yield noted in Figure 1.

Another method used to detect stress in crops is through
analysis of aerial photngraphs, Photographs can be digitized
so that the brightness of cach pixel within the photograph is
qualitatively indicative of the light reflecting from a given
atea on the landscape. When combined, the brightness of
these pixels generates a digiral image thar mimics the photo-
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Fig. 3: Sralk nitrate-IN concentrations for corn plots receiving differ-
ent amounts of N fertilizer.
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Fig. 4: The relationship berween red brightmess from a digitized
photograph and grain yield.

graph. This process makes it feasible to compare the bright-
pess of an individual pixel or group of pixels with a desig-
nated ground-based measurement.

Digiral analysis of the aerial photograph taken at the R4
growth stage showed a significant relationship between red
brightness and grain vieid (big. 4). Because this relationship
uses the same yield data as used Figure 2, it raises ques-
cions about the reliability of the chlorophyil merer dara. Per-
haps the hypothetical problems with the chlorophyll merer
dara is associated with where on the plant the two types of
data are collected. In the case of the chlorophyl! merer, the
car leaf was monitored. In contrast, the digitized field image
primarily represented the upper portion of the canopy. Per-
haps a better relationship with the photograph could have
been achieved if the yield measurements were made on the
same 7 by 7-m area digitized from the photograph. Aerial
photographs have the advantage over ground sampling meth-
ods in thar the number of pixels represent the number of ob-
servations. Automated image analysis permits the user to de-
sign the shape and size of the field areas to be compared.



Another technigue for examining the ability of the phorto-
graph to detect N deficiency is to compare the brightness of
refiected light from a plot for a given N rreatment with that
for an adjacent plot receiving a constant N rate (assumed to
be adequate for maximum vield). In this case, the compar-
ison was a ficld strip recelving a constant rate of 106kg N ha™
{based on soil tesring dara) (Fig. 5). The brightness for each
N rate was adjusted by comparing the brightness value to the
adjacent area, which akes this data specific for this field.
Brightness differences observed for the 0 and 56kgN ha™
reatments and not the higher teatments is consisrent with
the inicial fertilizer recommendations of 106 kg N ha™ and
the stalk nirrare dara (Fig. 3). Inidal soil recommendations,
stalk nitrate concentrations and image brightness values al!
agree with each other, but do not agree with the yield dara.
This raises further questions about the value of the hand har-
vested vield estimates.

In an arcempt to identify and understand the reasons for
the spatial variability shown in digitized images, an area iden-
tified as deficient in the photograph was hand harvested. In
the photograph, the sclected location appeared to have a re-
curring pattern in the severity of deficiency at 16 row inter-
vals. Field sampling showed that both grain yield and staik
nitrate-N concentration at harvest demonstrated a somewhat
similar pattern (Fig. 6). The N fertilization application was
made with an eight row applicator. The applicator had 9
lnives but the distribution manifold had eight outlers. Ferri-
lizer from one port was split between the two outside knives.
Direction of travel during application was reversed so any
vartation in application rate is expected to be a mirror image
of the adjacent eight rows. The pattern could be somewhat
confounded by planting and other field operations which
were performed with 12-row eqUIpMEnL.

Conclusion
Acrial photographs make it possible o identify atypical or

possibly N deficient areas within a field. This study showed
considerable variability associated with yield response to N
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Fig. 5: Differcnee in red brightness beoween an adequarely fertilized
reference area and plots receiving various rares of N ferrdlizer.
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Fig. 6: Stalke nitrawe-N concentration and grain yield from consecu-
tive corn rows in a pertion of dhe field identified as N deficienc in
the pherograph.

fergilizer trearments which complicated photographic verifica-
don. Stalk nitrace-N data helped confirm the photographic
capabilities of identitying N deficient areas. Chlorophyll me-
ter readings taken at the R3 growth stage were poorly corre-
tated with grain yield in this study. Photographic data col-
fected ar the R4 growth stage were more highly correlated
with grain yield than chiorophyll meter data. These findings
may be the result of more intensive sampling and evaluation
permitted with the photographic technique. Qverall, the
phatograph provided the best indication of crop N deficiency
and permited evaluation of the entire field at relatively litde
cost.
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